Measure men ts of t he spectral transmi ttance and i nternal transmit tan ce of fi ve optical glasses fOT the wavelength region 200 to 1,000 millim icro ns are reported .
Introduction
The transmittance, T , of a platc is defined as the ratio of radiant flux (P 2) transmitted by the plate to the flux (P I) inciden t upon it. Internal transmittance (Ti) is defin ed as the ratio of the flux (P ) arriving at the second surface of the plate to that flux (P o) penetrating the fir t surface. All values of T and T i are funcLio ns of wavelength.
The transmittan ce and internal transmittances repor ted were determined for glasses of the N BS melts for which the ch emical co mpositions arc give n in Research Paper 2504.
The sampl es were pl'epared m the N BS Op tical hop in the form of cylinders or plates, 30 mm in diameter, with surfaces plane, parallel, and polished. The rare earth glass, n = 1.673,2 v= 56 .2, wa s prepared in thicknesses of 5 and 105 mm. The other four glasses were prepared in a thickness of 1 mm in addition to greater thickn esses. The thi n samples were compared against a blank beam, and spectral transmittance was so obtained. The thick sampl es were compared to the thin sample of the same kind of glass, the resul ting ratios being taken as in tern al transmittance for a sample of thickness equal to the difference between thiel, and thin specimen . 3 
Spectrophotometric Measurements
Nlost pectrophotometers arc designed primarily for sample bet .. .veen 0-and 10-to 50-mm thickness, but can be used with samples of somewhat greater thickne . The greater the thickness, however, the more the instrument is subj ect to errors resulting from refraction of the various rays in the beam, for although these rays arc approximately parallel and at right angJes to the urfaces, they are in general not strictly so. The result is, in effect, a change in P I to P o of the above defining relations for transmittance, P2/F\ , or for internal transmittance, PIPo. rrhis is particularly true 'wh en , as in the present ' The companion papcl's in this isslle present valucs of the ind cx of refraction , Mnsities, and cocfTtcients of linear thermal expansion for fi ve different types of optical glasses produced by tbe Optical Glass Section of the National Bureau of Standard s. Tbese measurements have been made in tbe different organizational parts of the Bureau appropriate t o eacb type of mcas urement, and are, tberefore, presented separately. For each type of glass the samples bave been taken from the same melt, and , therefore, tbese pa pers present, collectively, a consistent set of data for tbe fi ve glasses stu died.
1 N ow Mrs. Frederick J . Does, E . 1. duPont d e Nemours & Co., Inc., P arlin, N. J .
'n=index of refraction for t he sodium D lines, and P , the Abbe valne=(n-l )! (np-nc) , where np and n c arc rcfraeti ve indices for the hydrogen F and C lincs, respectivel)". 3 Glass DF, n = 1.M9, ,,=33.& was prepared in greater tbickness of 97 mm and compared to the 5·mm sa mple. Values of T , for 100 mm lor this glass are computed from tbe values of 7'i, for 92 mm so determined. measurements with the thick samples, the compensation bea m of the spectrophotometer do es not contain a sample of the same length (as it usually does, for example, in m easuring the transmittance of a solution r elative to its solvent).
Four types of spectrophotometers wer e available for this worl;:. The design of two of these instruments (the General Electric recording spectrophotometer and the Konig-Marten visual spectrophotometer) are snch as to give confidence in the results for thick amples. The other two instruments (the Beckman quartz photoelectric spectrophotometer and the Gibson photoelectric spectrophotometer [9])4 were sensitive to beam disturbance with thick samples. In the work on the rare-earth glass 1.673, it was found that the latter instrument was too sensitive to beam disturbance on insertion of the thick sample to give valid r es ults, and it therefore was not used in the later measurements on the other glasses.
In the General Electric pectrophotometer (GE) [1, 2, 3] the beam of radiant energy, after transmission through tbe sample, is incident upon a diffu sing w'hite surface of uniform reflectance forming part of the interior wall of a white-lined integrating sphere. Any d eviation or dispersion of the beam should no t , therefore, cause appreciable error, if not so gr eat that part of the b eam impinges on the entrance aperture of the sphere.
On the K onig-Martens spectrophotometer (K-M) [4] the reverse but equivalent condition exists . The radiant energy is r eflect ed from a diffusing surface of MgO, which is part of an enelosure completely covered with MgO, except for the part containing the bases of the lamps from which the radiant energy originates. Multiple r eflections should give a wall surface of essentially uniform radiance, and any displace ment of this source in the photometric field by the thick sample should not introduce important error in the r esults.
The principal value of the K-M measurements was to confirm the reliability of the GE data even for the thickest amples. How'ever, the precision of the visual measurements is less than the photoelectric, and except with the rare-earth glass 1.673, only a few check m easurements were made on the K-NI spectrophotometer .
The B eckman quartz photoelectric spectrophotometer (model DU) (BQ) [5, 6] is so mewhat susceptible to errors resulting from beam di turbance on insertion of the sample, and the thicker the sample the greater may be the error. On this instrument, the beam of radiant energy, after passage through the sample, is incident directly on the photocell. Although the window of th e photocell is made diffusing, this is undoubtedly far from completely so, and any deviation or dispersion of the beam may w"ell affect the r esponse because of varying sensitivity of t h e photosensitive surface. The principal value of the B eckman spectrophotometer in t h e present work was to obtain the val ues of transmittance or internal transmittance in the ultraviolet , and it w"as not used at wavelengths longer than 460 millimicrons (mM).
Consistent with the above, the GE reeording spectrophotometer was used over the range 400 to 1,000 mM, and the Beckman spectrophotometer over the range from 460 mM toward shorter wavelengths into the ultraviolet as far as there was measurable transmission. The transmittance values obtained on the GE spectrophotometer were taken as a r eference and the Beckman values adjusted to them when necessary in accordance with the following procedure: 5 (1) The GE transmittance values were uscd from 460 to 1,000 mM, subj ect to an occasional smoothing not exceeding 0.001; (2) from 410 to 460 mM th e GE data were used to compute an adjustm en t factor to apply to all of the Beekman data. This adjustment fa&tor was the average of the ratios (TOE/ TB Q ) at each of the SL\': wavelengths from 410 to 460 mM. In this range the adopted values were then based on both the GE data and the adjusted B eckman data ; (3) from 400 m).! toward shorter wavelengths the adopted values were based on these adjusted Beckman data.
All the values by the B eckman spectrophotometer wer e obtained with the samples at 25 0 C.6 Values by the GE spectrophotometer (visible and infrared) were obtained at a room tcmperature close to 25 0 C, and should be valid also at 25° C.
. Spectrophotometric Results
Curves of the transmittances for 1-mm thickness for four glasses are shown in figure 1 (numbered 1 to 4) , together with the transmittance curve for the 5-mm thickness of the rare-earth glass 1.673, numbered 5 in the figure.
Curves for t he internal transmittances for 4-anel 100-mm thicknesses of the same four glasses are shown in figure 2, togeth er with th e internal transmittance curve for the 100-mm thiclmess of the rareearth glass 1.673.
The values of transmittance and internal transmittance are given in table 1. All are subj ect to sligh t uncertainty in the last figure. Examination of t he values of T ; for 100 mm for the rare-earth glass 1.673 shows traces of th e absorption bands near 580 and 740 mM commonly found in didymium glasses.
, 'l'his indicated procedure was followed for 4 of t be 5 glasses. F or rare-eartb glass 1.673, a slightly d ifferen t procedure was used .
• At the steep portious of tbe curves (fi gs. 1 and 2), the transmittance and internal transmittance vary importantl y with temperature, in tbese cases in tbe ultraviolet region of tbe spectrum [7J. Values of T i for 4 mm are no t tabulated above 400 or 450 mIL where the values exceed 0.995. As there is uncertainty of 0.001 or 0.002 in such values, it would be preferable, where the absorption is so light, to compute the valu es of Ti for 4 mm (or for any other small thickness) from the values of T j for 100 mm than to measure them directly. The slight error in T j resulting from the multiple reflections through different thicknesses of glass [8] is ignored in these results. For eith er high or low transmittance the error is of the order of 0.00l. In view of t he equal or greater uncertainties indicated above, computation of such corrections was considered unwarranted.
